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(54) Abstract Title 

Scanning electron microscope wHh reoonfigiirablo aperture means 

(57) A reconfigurable scanning electron microscope 
(RSEM) 100 comprising: 

(a) a gun assembly 110 and electron optical column 
120 for generating an electron beam 600; 

(b) an electron detector 550 for detecting emissions 
from the sampte 190; 

(c) a display 170 for generating an image of the sample 
190. 

The RSEM 100 Is distinguished in that it further 
includes aperture bearing members 500, 520 each 
member including an associated electron-beam 
transmisslve aperture, for at least partially gaseously 
isolating electron optical column 110 from the sample 
190, thereby enabling the RSEM 100 to be reconfigurable 
as a high-vacuum scanning electron microscope and also 
as an environmental scanning electron microscope, the 
RSEM 100 being reconfigurable to include no aperture 
members, one aperture member 500« 750 (see fig 2) and 
a plurality of aperture members 500, 750, 520, 850, 860 *a 
(see fig 2). 
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SCANNING ELECTRON MICROSCOPE 
Technical Field of the fnventinn 

5 The pieseitt invention relates to scamuiigdectroainiarou in particular, but 

not exdusively, the invention relates to scannu^g eleoron mioroscopes capable of operatmg 
as environmental scanning dectron micrascapes (PSEMs) and also as convrational high- 
vacuum S^fs. 

10 Background to the Invention 

ESEMs are distinguished from high-vacuum SEMs in tbat they are ciptble of viewing 
samples maintained at pressures greater than in the order of 100 fa. 

15 It is known from United States Pateitt no. 5 250 SOS to ads^t a conventional scannmg 
ele(^on microsa^ (SEM) to scan samples maintained at an elevated pressure, for 
exa^^>le at an atmosidteric pressure of substantially 1000 mBar, 760 Ton, 101.3 H>a. 
Such an adapted SEM conqnrises an electron gun for generatmg an electron beam, one or 
more electromagnetic lenses with associated electron beam deflectors for demignifymg and 

20 scannmg the electron beam, a sample chamber for housing a san^le to be viewed 
scanning the demagnified electron beam thereover, a vacuum punning s^tjoa for 
evacuating the apparatus to generate a vacuum therein, one or mote electron seosmg 
assemblies for detecting secondary and backscattoed dectrons emitled from die sample m 
response to bombardmeat tiiraeof by the scanned demagnified electron beam, and an 

25 dectronic control system for conttolliqg the SEM, the control system includhag one or 
more image displays. The adapted SEM additionally conq)rises in the electromagnetic lens 
nearest the chambn. namely tiie objective lens, a series of differentially pumped 
diaphragms. Eadi diaphragm includes herein an aperture through which the electron 
beam can pass. The diaphragms are designed to be installed permanentiy into the adapted 

30 SEM. Hie diaphragms define at least two interior passa^ wtudi ate in communicaticm 
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with vacuum pumping ports of the SEM. Above all, the adapted SEM is not designed to 
function with its series of difiG^entially pumped diaphragms removed. 

Inclusion of the diaphragms and maintaining the sample at elevated pressure introduces 
problems into operation of die adapted SEM. 

Such problems result, for example, from electron scattering in higher-pressure regions 
surroundmg the sample resulting in electron probe blurring. Moreover, inclusion of 
differentially pumped diaphragms imposes limitations of longer objective lens workmg 
distances and hence increased electron probe spherical aberration. Furthermore, in 
extreme cases, differentially pumped diaphragms can be an electron beam soniangle- 
limiting fiictor which can render microscope optical alignment problematic and reduce 
available electron probe current. 

Swmmary of tbg Invention 

According to the invention, there is provided a reconfigurable scanning electron 
microscope con^rising: 

(a) electron optical means for generating an electron beam, for demagnifymg the 
electron beam to generate an electron probe and for scanning the probe across a 
sample; 

(b) detecting means for detecting emissions from the sample in response to scanned 
electron probe irradiation thereof and for generatmg a corresponding detected 
signal indicative of the magnitude of the emissions: 

characterised in that the microscope further includes aperture means fbr at least partially 
gaseously isolating tiie electron optical means from the sample, thereby enabling die 
microscope to be reconfigutable as a high-vacuum scannmg electron microscope and as an 
environmental scamdng electron microscope, tiie aperture means reconfigurable to include 
no apertures, one i^iture and a plurality of apertures. 



<GB ^2374723A_I.> 



~ 3 ~ 

The reconfigiirable miooscope provides the advantage that it is capable of being 
configurable in degrees hetweca functioning as a high-vacuum SEM and an ESEM. 

Thus, the mventors have ^preciated that it is beneficial to design the scanning dectron 
5 microscope so that it is selectively reconfigurable in degrees between functioning as an 
ESEM and also as a more conventional SEM opeiathig at high vacuom in the order of 10^ 
Torr or better. 

The qierture means preferably comprises a carrier member retained in an objective lens of 
10 the electron optical means, die carrier member including features for reconfigurably 
accommodating one or more aperture bearing members tfaerem. The carrier member is 
capable of providing a convenient and robust means for accommodating one or more 
aperture members when reconfiguring the microscope, thereby rcndermg the microscope 
robust and durable in use. 

15 

It is pref(»able to 4rop pressure m stages vrbioi opoating fbe microscope as an ESEM. 
Thus, an intermediate pressure cavity is preferably Included between the electron optical 
means and a chaniber accommodating the sample, the chamber being in gaseous 
communication via the carrier member to the electron optical means. 

20 

Space around the base of the objective lens is relatively restricted, hence spatially efficient 
design of the intermediate cavity is advantageous. Thus, the objective lens preferably 
hidudes a lower plate for definiflg the hitermediate cavity between a lower pole piece of 
the objective lens and the lown plate. 

25 

ConvenienUy, in order to avoid a need to handle minute diaphragms including apertures, 
apemire bearing members are employed which are conveniently sized to handle by hand. 
Thus, the microscope preferably conq)rises first and second aperture bearing members, the 
first member mdudtog a first aperture servmg to substantially gaseously isolate the 
30 electron optical noeans from die intmnediate pressure cav^ and die second member 
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including a second aperture servii^ to substantially gaseously isolate the chamb^ from 
the intermediate pressure cavity. 

In order to reduce pressure from the sample to the electron optical means progressively, 
5 the microscope preferably mcludes vacuum pumping means for differentially evacuating 
the electron optical means, the intermediate pressure caviQ^ and the chamber. 

It is advantageous to avoid distorting an electron beam focusing magnetic field of the 
objective lens when installmg the aperture bearing members. Therefore, the carrier 
10 member and the aperture members are preferably fribricaied from substantially non- 
ferromagnetic materials. 

The carrier member is preferably febricated from a material dissimilar to that of the 
aperture members to avoid potential occurrence of vacuum welding therebetween. More 
15 preferably, the carrier member is fabricated from beryllium copper alloy and the aperture 
members are fabricated from phosphor bronze alloy. 

In order to enable the microscope to be reconfigured frequently, it is preferable fliat Ifae 
aperture members are reliably retained within die carrier memb^' after many 
20 reconfiguiatioDs. Hence, the q)»ture members are preferably removably retained w ithin 
the canier meniber by means of co-operatmg screw Oreads. 

Moreover, accurate concentric alignment of the aperture members is desirable to avoid 
aberrations when forming the probe. Thus, the aperture m^ers preferably include 
25 frusto-conical sur&ces for registering to correspondiqg frusto-conical co-operating sur£aces 
of die carrier meniber, thereby ensurhig accurate spatial alignment of the aperture 
menibers to the objective lens. 

Preferably, Oxt frusto*conical sur&ce of die first aperture member subtends an angle in a 
30 range of 10^ to IS** relative to a central longitudinal axis of the first member. More 
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preferably, the firusto-conical surface of the first aperture subtends an angle of substantially 
VT relative to the central axis of the first member. 

Likewise, the frusto-conical surface of the second aperture member preferably subtends an 
S angle in a range of 15^ to 30° relative to a central longitudinal axis of the second member. 
More preferably, the firusto-conical sur&ce of the second aperture member subtends an 
angle of substantially 20*^ relative to the central longitudinal axis of the second member. 

The inventors have appreciated that selecting suitable aperture sizes for operating the 
10 microscope as an ESEM is not straightforward. Preferably, as a compromise between gas 

flow resistance and transmission of the electron beam, the first member includes a first 

electron beam transmissive aperture having a diameter in a range of 100 ^m to 400 ^m. 

More preferably* the first aperture has a diam^ of substantially 200 pm. Likewise, the 

first aperture may to advantage have a depth in a range of 0.5 mm to LS mm. More 
15 preferably, the first aperture has a dqpth of substantially 1 mm. Depths of more than 1 .5 

mm become difficult to machine whereas depths of less than 0.5 mm provide inadequate 

gas flow resistance. 

Similarly, the second aperture member preferably includes a second electron beam 
20 transmissive i^erture having a diamet^ m a range of 200 |im to 800 ^m. More 
preferably, the second aperture has a diameter of substantially 500 |im. Conveniently, 
the diaphragm including the second apobire is retained in position in the second q^erture 
member by means of a circlip. Moreover, the diaphragm includmg the second aperture is 
preferably fabricated firom at least one of platinum and molybdenum. Platinum and 
25 molybdenum are medianically stable materials which are compatible with high-vacuum 
apparatus. 

The second aperture member preferably includes a plurality of radial holes for gaseously 
communicathig an inside region of die second member with the intermediate pressure 
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cavity. Such an arrangement facilitates the adequate evacuation of gas from the 
intermediate pressure cavity and the inside region of the second member. 

The plurality of holes are preferably angularly equi-spaced. More preferably, the plurality 
5 of holes comprises eight holes as a compromise between evacuation efficiency and 
mechanical strength of the second member* Each of the plurality of holes preferably has a 
diameter in a range of 0.8 mm to 1.1 mm. More preferably, each of the plurality of holes 
has a diameter of substanttallv 1 mm, 

10 The carrier member and the aperture members are preferably reliably and firmly held in 
the objective leas. Moreover, inclusion of the carri^ and aperture members in the 
objective lens should preferably not degrade the performance of the objective lens. Of 
critical importance to the probe forming performance of the objective lens is the quality of 
a lower bore of the its magnetic circuit. During manufacture this bore is carefully honed 

15 and lapped to a polished finish and machined to withm microns of perfect circularity. 
Thus, the inventors have appreciated that, in order not to compromise (he performance of 
the objective lens, the carrier is preferably retamed in the objective lens by means of cold 
fitting. 

20 Moreover, ease of installhig and removing the aperture members from the carrier is a 
practical consideration to render the microscope convenient to use. Hence, the first 
aperture member preferably mcludes a slot feature for engaging with a tool when installing 
or removmg die first member from the carrier member. Likewise, the second aperture 
member preferably comprises a plurality of flats on its exterior surface for engaging with a 

23 tool when installing or removing the second member from die carrier member. 

In order not to significantly disturb the magnetic circuit of the objective lens, it is desirable 
that the lower plate defuung the intermediate pressure cavity should be of a non-ferrous 
material. Thus, the lower plate is convenientiy febricated from at least one of aluminium 
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and duraloy. Both these materials are aon-ferromagnetic. Duraloy is an alloy of 
aluminium and copper. 

In the microscope, backscattered and secondary electron emission from the sample in 
response to electron probe bombardment yield different information regardmg die nature 
of the sample. Hence, the microscope preferably mcludes more than one type of detector 
for detecting the emitted electrons. More preferably, the detecting means comprises at 
least one of an electron sensitive photodiode, a microchannel plate, a scintillator* 
photomultiplier tube combination and an electrically isolated conductor plate. 

With adequate evacuation, a high vacuum of 10*^ Torr or lower pressure can be attained 
wifliin the electron optical means. Sudi a vacuum enables flie microscope to employ a 
plurality of different electron source types. More preferably, the electron optical means 
includes one or more of a thermionic tungsten wire electron emitter, a thermionic 
lanthanum hexaboride electron witter and a thennal field emitter for generating the 
electron beam for use in generatmg the probe. 

PesCTiption of thg drawing.^ 

Embodiments of die invention will now be described, by way of example only, with 
reference to the following diagrams in which: 

Figure 1 is a schematic diagram of a reconfigurable SEM accordmg to die mvention, 
die reconfigurable SEM mduding an objective lens comprising removable 
aperture members; 

Figure 2 is an enlarged cross-sectional view of the removable members of the objective 

lens illustrated m Figure 1; 
Figure 3 is an orthogonal cross-sectional view of the removable members illustrated in 

Figure!; 
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Figure 4 is an orthogonal cross*sectionaI diagram of a low^ magnetic pole piece of the 

objective lens with the removable members installed; 
Figure 5 is a cross-sectional diagram of an upper aperture member of the objective 

lens; 

5 Figure 6 is a cross-sectional diagram of a lower aperture member of the objective lens; 
and 

Figure 7 is a cross-sectional diagram of a carrier member for retainmg the upper and 
lower members within the objective lens. 

10 Detailed description of embodimente of the Invmttnn 

Conventional SEMs suffer a problem that their samples must be maintained at a high 
vacuum in the order of 10^ Torr pressure or lower. If higher operating pressures are 
employed, for example 10^ Torr, electrical breakdown in their electron guns can occur 
15 and electron beam scattering by air molecules along then: electron optical colunms results 
m significant broadening of probes generated at then- samples. Moreover, reduced 
operating lifetune of electron emitters employed in dieu* guns arises as trace oxygen in 
their columns reacts with the emitters. 

20 Moreover, samples in conventional SEMs requu^e special preparation prior to viewing. 
Moisture has to be removed from the samples and then a thin coating of conductive 
material applied thereto, for example a 100 Angstroms thick layer of sputtered aluminium, 
to prevent sample charging when subjected to electron kradiation. For certain hydrated 
samples, for exan4>Ie biological tissue sanqiles, such preparation can mask features to be 

25 viewed and prevents on-gokig biological processes beipg observed in such conventional 
SEMs. 

Environmental scanning electron microscopes O^EMs) have flierefore recently been 
developed, for example as described in US Patent No. 5 250 808 which is hereby 
30 incorporated by reference, which allow samples to be maintained at elevated pressures, for 
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example at atmospheric pressure, whilst electron optical columns of the ESEMs are 
operated at high vacuum, for example at pressures in the order of 10*^ to 10^ Torr. 
ESEMs are distinguished from conventional SEMs in that they include a series of 
differentially pumped diaphragmis providing associated apertures in a region of tiieir 
S objective lenses* the apertures providing die only gaseous coiqiling between lh6 diambers 
and columns of flie ESJ^s. In each sudi ESEM» the ESEM electron beam passes from 
the ESEM colmnn through the diaphragm apertures to die ESEM chamber. 

The inventors have appreciated that, although ESEMs provide the benefit that their 
10 samples can be maintained at elevated pressure when being viewed, ESEMs have certain 
drawbacks compared to conventional SEMs. For example, inclusion of the aforementioned 
series of differentially pumped diaphragms results in the objective lenses of ESEMs 
providmg a reduced degree of demagnification because of longer working distances and 
diereby resulting in a larger diameter probes. Moreover, objective lens spherical 
IS aberration increases as objective lens working distances are increased which results in 
further probe blurring. The inventors have further appreciated that it is beneficial to 
design an SEM so diat it is reconfigurable to function as both a high vacuum SEM and also 
as an ESEM. Moreover, the inventors have further appreciated that it is highly desirable to 
be able to switch between SEM and ESEM modes of operation progressively.' 

20 

Referring now to Figure 2, a reconfigurable scanning electron mio-oscope (RSEM) 
according to the present inv^tion is faidicated generally by 100. The RSEM 100 conqprises 
an electron gun assembly 110, an electron optical column 120, a differential pumping 
region 130 bounded by one or more removable diaphragms each providing an associated 

25 aperture, a sample chamber 140 and a vacuum pumping system ISO. The RSEM 100 
further comprises a scanning imit 160 and an image display 170 with an associated signal 
an^)Iifier 180. The chamber 140 includes a sample 190 mounted on an electrically isolated 
stage (not shown). The RSEM 100 fimher conqirises a bias generator 200 for applying a 
bias potential to the sample 190, and an extra high tension (BHT) voltage supply 210 for 

30 applymg a bias poteittial to the gun assembly 110. 
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The column 120 coiiQ)rises an uppet dectraoutgnetic demagnil^g Ims 220, a lower 
electromagnetic donj^fying lens 230 and finally an electromagnetic objective lens 240 
remote from die gun assembly 110 and near die diamber 140. Tlie demagnifying lenses 
5 220, 230 are of conventional design, each lens comprising an eleoromagnet bobbin 
winding and a mild steel or soft iron magnetic circuit. At a subaantially central region of 
each of the lenses 220, 230, a gap in the magnetic circuit is provided across wfaidi an 
electron beam focusing magnetic field can be established by passing cunent dirough the 
bobbin winding. 

10 

Interconnection of parts within the KSEM 100 will now be described. 

The gun assembly 110, the column 120, the differential region 130 and the chamber 140 
are mounted in sequence together as a vertically orientated stack as shown having the gun 

15 assembly 1 10 at die top of the stack and the chamber 140 at die bottom of die stack. The 
gun assembly 110 and the column 120 are coupled for evacuation puposes and are 
connected tiirough ports A and B reflectively to die pumping system 150. The gun 
assembly 110 is dectrical canoected at its cadiode to a negative output terminal T, of die 
EHT supply 210. A positive output teiminal T, of the supply 210 is connected to a ground 

20 potential of die RSEM 100. The EHT supply 210 is designed to provide an output 
potmtial whidb canbe varied in arange from 500 volts to 30 kV. 

The gun assembly 110 conveniendy employs a tungsten wire electron emitter 300. 
However, die assembly 110 can altemativdy employ a resistively heated or electron- 

25 bombardment heated landianum hexaboride (LaBj) ciystal electron emitter instead of die 
tungsten wire emitter 300. The assembly 110 also includes a Webnett electrode 310 for 
use in controlliAg electron emission from the assonbly 110. Moreover, die assembly 110 
furdier comprises an anode dectrode 320 at substantially ground potential, die anode 
electrode 320 induding a central hole 330 dirougih whidi an dectron beam 600 emitted 

30 from die emitter 300 propagates to die column 120. In operation, die electron beam 600 is 
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focused by the anode and Wehnelt electrodes 320, 310 respectively to a crossover Q a 
short distance below the emitter 300, the short distance bemg in the order of 3 to 20 mm. 

The vacuum port A is connected directly to the gun assembly 110 to ensure that a high 
vacuum in the order of 10^ Torr or better is established ibetesit during operation. Such a 
high vacuum is desurable to circumvent a risk of electrical brieakdown between the 
aformentioned Wehnelt and anode electrodes 310, 320 and also to provide the emitter 300 
with an extended working life span. 

The objective lens 240 comprises a magnet bobbin winding 350 and a magnetic circuit 360 
operable to generate an electron beam focusing magnetic field in a gap region 370 of the 
lens 240. The magnetic circuit 360 is preferably fabricated from mild steel or soft iron. 
In a central bore of the lens 240, diere is mounted a liner tube 380 surrounded by two sets 
of pre-lens deflectors 390a, 390b capable of deflecting the beam along x and y axes at the 
sample 190 as illustrated in Figure 1. The deflectors 390a, 390b are connected to the 
scanning unit 160, the scanning unit 160 being also connected to the display 170. 

The lens 240 further comprises a lower plate 400 of non-ferrous material, for example 
duraloy or aluminium, which is an integral part of the objective lens 240. The lower plate 
400 is attached to an underside part of the magnetic circuit 360 as illustrated in Figure 5. 
The lower plate 400 and the underside part of the circuit 360 define an intermediate 
pressure cavi^ 410 which is coupled to port C of the vacuum pumping systrai ISO for 
evacuation purposes. 

The colunm 120 is gaseously coupled to the cavity 410 solely through a first aperture in an 
upper aperture bearing member 500. As will be elucidated later, the upper aperture 
member 500 can be removed by an operator for certain modes of RSEM 100 operation. 
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Likewise, the cavity 410 is gaseously coupled to the chamber 140 solely flirough a second 
aperture in a lower aperture bearing mernb^ 520. The lower aperture member S20 can 
also be removed by the operator for certain modes of RSEM 100 operation. 

5 An electron detector 550 is mounted beneath tfie lower plate 400. A signal output from the 
detector 550 is connected to an input of the amplifier 280 whose output is coupled to an 
intensiQr modulation inpnt of die display 170. The sample 190 is electrically connected to 
a negative output terminal of the bias generator 200» a corresponding positive output 
terminal P2 of the bias generator 200 being connected to the ground potential of the RSEM 
10 100. The chamber 140 is coupled to port D of the vacuum pmxq>ing system 150 for at 
least partially evacuatmg the diamber 140. The bias generator 200 is operable to generate 
an electric field between the sample 190 and the detector 550 for accelerating electrons 
released from the sample 190 during scanned electron probe irradiation towards the 
detector 550. 

15 

Operation of the RSEM 100 will now be described where the RSEM 100 includes the 
upper and lower aperture m^oobers 500, 520 respectively. 

The operator of the RSEM 100 vents the chamber 140 to atmospheric pressure, opens an 
20 access door of the chamber 140 and places the sample 190 on an insulated adjustable stage 
of the RSEM 100, the operator ensuring that the sample 190 is electrically connected to the 
terminal P] of the bias generator 200. The operator than closes the access door and sets 
the pumping system 150 to pun^ the chamber 140 to a pressure of substantially 4000 Pa or 
lower. The pumping system 150 also evacuates the cavity 410 to a pressure in a range of 
25 1 to 400 Pa, an interior region of the colunm 120 to a pressure m the order of 1(X^ b> lO'^ 
Torr and an mterior region of the gun assembly 110 to a pressure m a range of 10^ to 10"^ 
Torr. 

The operator then energises the EHT supply 210 to apply an EHT potential to die emitter 
30 300. Next, the operator applies heating to Oe emitter 300 for emitting thermionic 
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' electrons thoefrom wbich are focused by an electrostatic fidd e^lished between the 
Wehnelt electrode 310 and the anode electrode 320 to form an eledron beam 600 focused 
to a crossover Cq. The opnator then energises the upper lens 22J0 with magnetising 
current to establish a magnetic field for focussing the elecHon beam 600 propagating 
5 therethrough to form a first demagnified crossover image C,. Likewise, the operator 
energises die lower lens 230 widi magnetismg current to establish a magnetic field for 
focussmg the electron beam 600 pnqngatiqg tfa^rethroogh to form a second demagnified 
crossovo^ unage Q. The operator also energises the objective lens 240 widi magnetishig 
current for estaUishmg a focusmg magnetic fidd m the gap r^ion 370. The electron 
10 beam 600 propagates from the second image Cj dirough flie Imer tube 380 past the first set 
of deflectors 390a which tilts the beam 600 and then flmher down the liner tube 380 to the 
second set of deflectors 390b which further tilts the beam 600; the first and second 
deflectors 390a, 390b in combination are therefore capable of tilting and laterally 
displacing die beam 600 as it passes flffough a central region of the tabe 380. The beam 
15 600 then propagates past a lower end of the tube 380 through a focussmg magnetic field 
r^on of the lens 240 and diereafier to the iQ)erture of die upper apeibue member 500 
through which is passes. The beam 600 oontmu^ to propagate to fb& aperture of the lower 
apoture membo* 520 and passes thoeihrough to enter the chamba 140 and finally to 
provide a finely focused electron probe at the sample 190. The probe excites the 
20 generation of backscattered and secondary electrons at the sample 190 which are repelled 
by the bias potential provided by the bias generator 200 to impact onto die detector 550 
and give rise to a signal S^. The signal passes to the amplifier 180 whereat it is 
amplified to generate a corresponding amplified signal AS^. The amplified signal ASj is 
coupled to an intensiQr modulatuig input of the display 170. As the display 170 is 
25 synchronised for scamdng purposes to die scanning unit 160 which, in turn, drives die 
deflectors 190a, 190b, a magnified image of die sample 190 is formed on tbs display 190 
for viewhig by the operator. 

For flexibility and for enabling die RSEM 100 to provide the best characteristics of a high- 
30 vacuum SEM and an ESEM. die inventors have apprecuued diat it is highly advantageous 
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to make the upper and lower aperture members 500, 520 selectively removable. Thus, in 
a first mode of operation, both the upper and lower aperture members 500, 520 are 
installed enabling the chamber 140 to be operated at pressures of up to 4000 Pa; boA the 
upper and lower aperture members 500, 520 function as pressure transitions within the 
5 RSEM 100. In a second mode of operation, only the upper aperture member 500 is 
mstalied enabling the chamber 140 to be operated at pressures of up to 300 Pa; the upp^ 
aperture member 500 functions as a pressure transition within the RSEM 100. In a thhrd 
mode of operation, both the upper and lower aperture members 500, 520 are removed 
enablmg the RSEM 100 to be operated as a conventional SEM where the chamber 140 is at 
10 a nominal high-vacuum pressure in the order of 10"^ Torr. A fourth mode of operation is 
feasible where only tbt lower aperture member 520 is installed although the inventors do 
not envisage this mode being employed frequently. 

When the lower aperture member 520 is removed, the objective lens 240 is capable of 
15 operating with a shorter working distance which results in reduced objective lens spherical 
aberration and hence a smaller probe for scanning the sample 190. Such a shorter working 
distance requires the objective lens 240 to be energised with more magnetising current 
con^ared to operation of the RSEM 100 with both s^erture members 500, 520 installed. 

20 The inventors have designed the upper aperture m^er 500 to provide flie RSEM 100 
with an aperture preferably of substantially 200 ^m diameter, although an aperture having 
a diameter in a range of 100 to 400 fxm can beneficially be employed. Likewise, the 
inventors have designed the lower aperture member 520 to provide the RSEM 100 widi an 
aperture preferably of 500 \m diameter, although an aperture having a diameter in a range 

25 of 200 ^m to 800 can beneficially be enq)loyed. 

By modifymg the diameters of the apertures m the upper and lower members 500, 520 
respectively, it will be appreciated that the pressure at which the chamber 140 can be 
operated can be modified. Moreover, the inventors have designed lens current controllers 
30 (not shown) providing magnetismg current to the lenses 220, 230, 240 to be operator 
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variable so diat the objective lens 240 can be operated with a shorter working distance 
when the lower aperture member 520 is not mstalled thereby enabling the objective lens 
240 to form an electron probe havhig reduced spherical aberration, die apnture in the 
upper aperture member 300 providmg an electron beam semiangle limiring constraint for 
S the column 120. 

It wOl further be appreciated that die san^le 190 can. if required, be mounted on a 
oyogenically cooled sur&ce when viewed thetdby redudng the vapour pressure of any 
fluid components of the sample 190. In diis respect, an electro-thermal element operating 
10 accordmg to the Seebeck effect is advantageously mounted m the chamber 140 for 
supporting the sample 190 and cooling it. 

The luier tube 380 is preferably manu&ctured from a dielectric material, for example a 
fibre remforced resinous polymer, and Ihed on its inside sutfucc with thui conducting foil 
15 or a ottered metallic layo- to reduce eddy oirrait induction vtiien the deflectors 390a, 
390b are driven with high frequency scannhig signals, for example scanning signals haviqg 
harmonic compooeats up to several hundred kHz. 

The detector 550 can be one or more of a microchannel plate, a simple rear-insulated 
20 conductor plate, a shallow planar diode strucmire or a scintillator structure fibie-optically 
coupled to a photomultiplier tube. 

It wiU be appreciated from the foregomg that the upper and lower aperture members 500, 
520 are significant features of the RSEM 100. These members 500. 520 will now be 
25 elucidated m more with refermce to Kgure 2. 

In Figure 2, a part of die objective lens 240 is illustrated in greater detail in side cross- 
sectional view. There is shown the upper aperture member 500, the lower aperture 
meinber 520, die miotic circuit 360, the lower plate 400 and a carrier member 700. 
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The aperture members SOO, 520 and the carrier member 700 are of a generally cylindrical 
form. 

The magnetic circuit 360 comprises a central bore which has honed and lapped inside- 
5 facing surfaces where the bore interfaces onto the carrier monber 700. The bore is 
manufactured to a high degree of circularity in order to reduce astigmatism of the objective 
lens 240 to a low degree. The carrier member 700 is held by a cold fit into the bore; in 
other words, the carrier member 700 is machined to have a bore-engaging outside diameter 
which is a few microns greater then the inside diameter of the bore. When assemblu)g the 
10 carrier member 700 into the bore, the carrier member 700 is inserted m a cooled 
contracted state into the bore whidi is in a heated expanded state. The carrier member 700 
and the bore are then allowed to achieve a mutually similar temperature whereat the carrier 
member 700 is firmly retained within the bore. The carrier member 700 is thus designed 
to be a p^manent part of the objective lens 240 and not operator-detachable dierefrom. 

15 

The carrier member 700 is preferably fabricated from beryllium copper alloy, whereas the 
upper and lower aperture members are preferably manufactured from phosphor bronze 
alloy. The inventors have i^rectated that other materials can be employed, for example 
non-magnetic materials having a relative permeability of substantially unity "sudbi as non- 
20 magnetic stainless steeL Pr^^ly, the members 500, 520 are manufectured from a 
material which is dissunilar to (bat of the carrier member 700 to circumvent a risk of the 
aperture members 500, 520 vacuum weldmg to the carrier member 700. 

The canier member 700 incorporates an annular flange 710 to ensure that it is precisely 
25 engaged onto the magnetic circuit 360 when cold-fitted into the lens 240 during 
manufacture. An annular recess 720 is machined into an exterior surface of the carrier 
mieniber 700 to clear a predsely-fonned inside bottom edge of the cratral bore of the 
circuit 360. 
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The upper apoture m»nb«- 500 is removably retained within the carrier member 700 by 
way of co-operating screw threads 720 machined into an upper inside surfece of ftie carrier 
member 700 and into an upper exterior surface of the upper aperture member 500 as 
Qlustrated in Figure 3. Moreover, the carrier member 700 and the uppa aperture member 
5 500 indttde co-operatiQg finsto-conical surfeces 730 lower down from tihe threads 720, 
these sur&ces 730 predominantly govmdqg lat^ aUgnmoit of die upper member 500 
within die carrier member 700 and hmce widtin the objective lens bore. In die r^ion of 
die direads 720, die uppa member has an in^nal bore 740 of substantially 1.5 mm 
diameter, and preferably widiin a range of 1.45 to 1.55 mm in diameter. In die region of 

10 die frusto-conical surfaces 730, die upper aperture member 500 includes a fine bore hole 
750 providing die first aperture of die objective lens 240. The fine hole 750 preferably has 
a diameter of substantially 200 jim, namely widiin a range of 150 to 250 pan. Moreover, 
die fine hole 750 has a depdi of substantially 1 mm, namely preferably widim a range of 
1.5 nun to 0.5 mm. The hole 750 can be produced by one or more of q>ark erosion, ion 

15 milling, laser ablation, chemically assisted photo-etching and mechanical driUing using a 
fine drill bit. A slot is maduned into a lower end of die carrier member 500 remote from 
die thread 720 for engaging widi a screw-driver like tool supplied widi die RSEM 100 to 
enable the operator to remove die upper member 500 from die carrier member 700 by way 
of the chamber 140 providing access. 

20 

The fine hole 750 is nude relatively long to provide a substai^ flow resistance to gas 
jvesent in die diamber 140 when operating at pressures approadiing 4000 Pa when die 
lower aperture member 520 is installed, and at pressures approaching 300 Pa when die 
Usiwec apntnre member 520 has been removed. 

25 

The lower aperture member 520 includes a central bore 800 of substantially 2.5 mm 
diameter, namely a diameter widiin a range of 2.2 mm to 2.7 mm. The lower monber 
520 includes a screw diread 810 on its upper outer surfoce for OMiperating widi 
corresponding diieads madiined on an inside faang sur&ce of die carrier monbar 700. 
30 Lower down from die direads 810, die lower member 520 comprises a frusto-conical 
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surface 820 for co-operatively engaging onto a corresponding sur&ce machined into the 
carrier member 700. These surfaces 820 serve to accurately define the lateral and vertical 
position of the second aperture within the objective lens 240. Yet lower down the lower 
member 320, eight angularly equi-spaced holes, for example a hole 830 of substantially 1 
5 mm diameter, namely within a range of 0.8 mm to 1.1 mm diameter, are machined 
laterally into the meniber 520. The holes 830 are arranged to align with the cavi^ 410 
when die lower m^ber 520 is installed into die carrier member 700. Yet lower down the 
lower member 520, a recess is madiined for accommodating a Viton ''O'-ring 840 which 
is designed to provide a vacuum seal between the lower member 520 and die lower plate 

10 400, Uiereby rendering gaseous coupling from the chamber 140 to the cavity 410 possible 
only via the second aperture indicated by 850 when the lower member 520 is installed into 
the carrier member 700. At a bottom end of the lower member 520 remote from the 
threads 810, the bore 800 widens out to provide an abutting edge for a platinum or 
molybdenum diaphragm 860 into which the aperture 850 is formed, die diaphragm 860 

15 being niamtained in position by way of a circlip 870. Two flats are machined mto die 
exterior surface of the lower member 520 for engaging with a spanner-type tool for 
enabling die operator to remove or install the lower memb^ 520 into die carrier member 
700. Preferably, the spanner-type tool mdudes a ratchet to prevent the operator firom 
tightenmg the lower member 520 excessively and potmtially shearing the member 520 in 

20 die vicinity of die holes 830. 

Referring to Figure 3, diere is shown an orthogonal cross-sectional view of the carrier 
member 700 and the aperture members 500, 520 mounted into the objective lens 240. 
Hie detector 550 is shown attached to an underside sur&ce of the lower plate 400. In 
25 Figure 4 diere is shown in ordiogonal cross-sectional view a lov/esr pole piece of the 
magnetic circuit 360 installed onto the chamber 140 with the lower plate 400 mounted onto 
the pole piece. Moreover, die carrier member 700 and its zpeitmt members 500, 520 are 
shown installed in position. It will be appreciated from Figure 4 that the carrier member 
700 and die aperture members 500, 520 are relatively small in comparison to the size of 
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the RSEM 100 although their function is i[iqK)rtant to the ovotall perfonnance of the 
RSEMIOO. 

Referring now to Figure 5, the upper member 500 is shown on cross-sectional view. The 
5 member 500 comprises the slot denoted by 900 for eqg4ging with the aforementioned 
screwdriver-type tool. The finsto-conical surface 730 is macUned to an angle of 
substantially 12* with respect to a central axis of symmetiy A-B, namely within a range of 
10" to 15". A recess 910 is also machmed into the member 500 as it is not practicable to 
madiine the thread 720 exactly up to where (be frusto-conical surfece starts. It is to be 

10 appreciated that accurate concentric alignment of the hole 750 to the frusto-conical surfece 
is preferable and can be achieved during manufecture widiout needing to disengage die 
upper member 500 from a holdmg chuck whilst fonning these features as bodi the hole 750 
and the surfece 730 are substandally at one end of the member 500. As elucidated in die 
foregoing, the vpper member 500 is preferably febrxcated from phosphor bronze alloy as 

15 this material machines weU, is mechanicaUy stable and strong, and is non-ferromagnetic. 
Moreover, it is relatively non-porous compared to aluminhun, such porosity being a 
consideration when operating the RSEM 100 in high-vacuum mode widi its chamber 140, 
gun 1 10 and column 120 at substantially 10'^ Torr. 

20 Referrmg next to Figure 6, the lower member 520 is shown in crossrsectional view. The 
member 520 includes a recess 1000 for accommodating the "©"-ring 840, and a recess for 
holding the diaphragm 860 and its associated drdqi 870. A recess 1010 separates the 
diread 810 from the fiusto-conicd surfece 820. The frustOHjonical surfece 820 subtends 
an angle of substantially 20" relative to an axis of symmetry C-D of the member 520, 

25 namdy an angle In a range of 15* to 30». As elucidated in die foregomg. die lower 
member 520 is febricated from phosphor bronze alloy. 

Referring finally to Figure 7. the carrier member 700 is shown in cross-secdonal view. It 
win be appreciated diat aU critical suifeces of the carrier member 700, namely the fhisto- 
30 conical surfeces 730, 820 and an exterior surfece 1020 for interfecmg to die bore of the 
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magnetic circuit 360 of the objective lens 240 can all be madiined without needing to 
remove the carri^ member 700 from a holding chudc, thereby assisting to ensure accurate 
concentricity of these surfaces 730, 820, 1020. By such machining techniques, the first 
and second apertures of the upper and lower members 500, 520 are accurately concentric 
5 to the bore of the objective lens 240 which is important to avoid probe abenations, for 
example astigmatism. 

It wUl be appreciated that changes and modifications can be made to the RSEM 100 
widiout departing from the scope of die invention. 

10 

Although the RSEM 100 is described in the foregoing as mcluding up to two individually 
removable aperture members 500, 520, the inventors have appreciated that the carrier 
member 700 can be modified to include more than two aperture members, for example 
three individually removable aperture members each includmg an associated aperture. 

15 

Likewise, forming the hole 750 in the upper aperture member 500 is an exacting 
machining task. Hie inventors have appreciated that die hole 750 can alternatively be 
iniplemented by emplo3dng a stack of di^hragms havmg mutually alignmg central 
apertures. 

20 

When more than two aperture members are employed, the inventors have appreciated that 
the RSEM 100 can be provided with more than one differentially pumped region 130 
thereby enabling the chamber 140 to be operated at pressures in excess of 4000 Pa when 
viewmg samples by electron probe kradiation. 

25 

Aldiough the gun assembly 110 is described in the foregouig as enqiloymg a heated 
tungsten whe or lanthanum hexaboride crystal emitter 300« the inventors have appreciated 
that the gun assembly 110 can alternatively oiploy a tihormionic field emitter, although it 
is envisaged that provision of an additional ion pump would be requu'ed at pumping port A 
30 to ensure that an adequate vacuum is achieved hi operation at the gun assembly 1 10. 
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Moreover, in order to provide benefits of shorter objective lens working distance, and 
hence reduced spherical aberration, the inventors have appreciated that the carrier member 
700 and its associated aperture members SOO, 520 can be mounted faxtbec up the objective 
5 lens 240. However, such a modification results in reduced accessibility to the aperture 
monbers 500, 520 fiom the chamber 140, and eddy-current induction in the cairier 
member 700 fi-om the jve-Iens deflectors 390a, 390b would render this modification 
superficially unattractive. 

10 Machining the carrier member 700 and die aperture members 500, 520 is an exacting 
machining operation as tolerances have to be maintained withm microos at abutting feces, 
for example at the thisto-conical surfaces 730, 820. The inventors have appreckted that 
mouldug and casting tedmiques could be anployed to reduce manufecturing costs, for 
example by enqiloymg conductive polymers mouldings fi)r the membos 500, 520. 

15 



20 
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CLAINfS 

1 . A reconfiigiirable scanning electron microscope comprising: 

(a) electron optical means for generating an electron beam, for demagnifying the 
electron beam to generate an electron probe and for scanning the probe across a 
sample; 

(b) detecting means for detecting emissions from the sample in re^onse to scanned 
electron probe irradiation thereof and for gen^ating a corresponding detected 
signal indicative of the magnitude of the emissions; 

characterised in that the microscope fiirther includes aperture means for at least partially 
gaseously isolating the electron optical means from the sample, thereby enabling the 
microscope to be reconfigurable as a high-vacuum scanning electron microscope and as an 
environmental scanning electron microscope, the aperture means reconfigurable to include 
no apertures, one aperture and a plurality of apertures. 

2. A microscope according to Claim 1 wherein the aperture means comprises a 
canier member in an objective lens of the electron optical means, the carrier member 
mcluding features for reconfigurably accommodating one or more aperture bearmg 
members therein. 

3. A microscope according to Claim 2 including an intermediate pressure cavity 
between the electron optical means and a chamber accommodating the sample, the 
chamber being is gaseous communication via the carrier member to the electron optical 
means. 

4. A microscope according to Claim 3 wherein the objective lens includes a lower 
plate for defining the mtermediate cavity between a lower pole piece of the objective lens 
and the low^ plate. 
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5. A microscope according to Claim 4 coiiq)rising first and second aperture bearing 
members, the first member including a first aperture serving to substantially gaseously 
isolate the electron optical means from the intermediate pressure cavity and the second 
member including a second aperture servii^g to substantially gaseously isolate the chamber 
from the intermediate pressure cavity. 

6. A microscope according to Claim 3, 4 or S including vacuum punning means for 
differratially evacuating the electron optical means » the mtermediate pressure cavity and 
the chamber. 

?• A microscope according to Claim 5 or 6 wherein the carrier member and the 
aperture bearing members are fabricated from substantially non-ferromagnetic materials. 

8. A microscope according to Claun 5, 6 or 7 wherein the carrier member is 
fabricated from a material dissimilar to that of die aperture bearing members. 

9. A microscope according to Claim 8 wherein the materials of the carrier member 
and the aperture members are sufficiendy different to avoid in use vacuum welding of one 
or more of the aperture members to the carrier member. 

10. A microscope according to Claim 7, 8 or 9 wherein the carrier mmber is 
febricated from beryllium copper alloy and the q>erture beariog members are fabricated 
from phosphor bronze alloy. 

11. A microscope according to one of Qaims S to 10 whmm the aperture members 
are removably retained withm the carrier member by means of co-operating screw threads. 

12. A microscope accordmg to any one of Claims S to 11 wherein the aperture bearing 
members include frusto-conical sur&ces for registering to corresponding fhisto-conical co- 
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opiating surface of ttie carrier member, thereby ensuring accurate spatial aiignment of 
the aperture members to the objective lens. 

13: A microscope according to Claim 12 wherein the fhisto-conical surface of the first 
aperture member subtends an angle in a range of 10^ to 15^ relative to a central 
longitudinal axis of the first memb^. 

14. A microscope according to Claim 12 or 13 whmin the firusto-conical surface of the 
first member subtends an angle of substantially 12^ relative to the central axis of ihe first 
member. 

15. A microscope according to any one of Claims 12 to 14 wherein the fhisto-conical 
surface of the second aperture member subtends an angle in a range of 15** to 30° relative 
to a central longitudinal axis of the second member. 

16. A microscope according to any one of Claims 12 to 15 wherein the frusto-conical 
surface of the second aperture member subtends an angle of substantially 20° relative to the 
central longitudinal axis of the second member. 

17. A microscope according to any one of Clauns 5 to 16 wherein the first member 
includes a first electron beam transmissive aperture having a diameter in a range of 100 
fun to 400 pm. 

18. A microscope according to Claim 17 wherein the first qierture has a diameter of 
substantially 200 |im. 

19. A microscope according to any one of Clauns 5 to 18 wh^ein the first aperture has 
a depth in a range of 0.5 mm to 1.5 mm. 
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20. A microscope according to Claim 19 wherein the first aperture has a depth of 
substantially 1 mm. 

21. A microscope according to any one of Clauns S to 20 wherdn the second aperture 
member mcludes a second electron beam transmissive ^^erture having a diameter m a 
range of 200 )im to 800 

22. A microscope according to Claim 21 wherein the second aperture has a diameter of 
substantially 500 pm. 

23. A microscope accordmg to Claun 21 or 22 wherein a diaphragm including ttie 
second aperture is retamed in position in the second aperture member by means of a 
chfclip. 

24. A microscope according to Claun 21, 22 or 23 wherein the second aperture is 
provided m a diaphragm fi^bricated from at least one of platinum and molybdenum. 

25. A microscope according to any one of Claims 5 to 24 wherem the second aperture 
member includes a plurality of radial holes for gaseously communicating an inside region 
of the second member with the intermediate pressure cavity « 

26. A microscope according to Claim 25 wherein the plurality of holes are angularly 
equi-spaced. 

27. A microscope accordmg to Claim 25 or 26 wherem the plurality of holes comprises 
eight holes. 

28. A microscope accordiqg to Claim 25, 26 or 27 wherem eadi of tbc plurality of 
holes has a diameter in a range of 0.8 mm to l.I mm 
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29. A microscope according to Claim 28 wherein each of the plurality of holes has a 
diameter of substantially I mm. 

30. A microscope according to any one of Claims 2 to 29 wherein flie carrier member 
is retained in the objective lens by means of cold fitting. 

31. A microscope according to any one of Clauns 5 to 30 wherein the first aperture 
member includes a slot feature for engaging with a tool when installing or removing the 
first member from the carrier member. 

32. A microscope accordmg to any one of Claims 5 to 31 wherein the second aperture 
member comprises a plurality of flats on its exterior surface for engaging with a tool when 
installing or removing the second member from the carrier member. 

33. A microscope according to Clahn 4, wherein the detecting means is in the form of 
an annular detector attached to the lower plate and presenting a detecting surface orientated 
towards the san4>le. 

34. A microscope accordmg to Claim 4 wherein the lower plate is fabricated from at 
least one of aluminium and duraloy . 

35. A microscope accordmg to Claim 4 wherein the detecting means comprises at least 
one of an electron sensitive photodiode, a microchannel plate, a scintiUator-photomulliplier 
tube combination and an electrically isolated conductor plate. 

36. A microscope according to any preceding claim, wherein the electron optical means 
includes one or more of a thermionic tungsm wire electron emitter, a thermionic 
lanthanum hexaboride electron emitter and a thermal field emitter for generating the 
electron beam for use in gen^ating ihe probe. 
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37. A reconfigurable scanning ele^on mioosoope substantially as hereinbefore 
described with reference to one or more of Figures 2 to 8. 
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